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This paper aims to find best predictors for rainfall statistics over Western Africa. We 
investigated skill level for total rainfall and number of rainy days over a 0.8-degree gridded 
resolution over five season windows from March to September: March-April-May (MAM), 
April-May-June (AMJ), May-June-July (MJJ), June-July-August (JJA) and July-August-
September (JAS). The North American Multi-Model Ensemble (NMME) data set, which is 
available in the International Research Institute for Climate and Society (IRI) Data Library 
was used as the predictors. Results presented here aim to find the best downscaled forecast 
using both the recent climate model produced by climate community and also high resolution 
gridded data produced by the Enhancing National Climate Services (ENACTS) platform. 
Among the NMME parameters, soil moisture from CMC1-CanCM4 offers good predictive 
skill for early season, and the GFDL-CM2p5-FLOR-B01 rainfall captures rainfall during the 
June to September period very well. The transition season when the Inter Tropical 
Convergence Zone (ITCZ) is moving from South (Gulf of Guinea) to the North (Sahel) is the 
most challenging period to predict (April, May, June, and July). For each of the three-month 
seasons from March to September, a statistical model is proposed with the best skill 
associated. The skill found in these exercises are the highest skill found among previous 
efforts for downscaled rainfall over Sahel. We present all skills and the model approach used. 
Finally, an example of real time forecast is presented for the March-April-May (MAM) 
season and April-May-June (AMJ) season in 2018. Further suggestions for improvement and 
practical usage is also discussed. 
The overall objective is to improve the outlook seasonal forecasts (Prévisions Climatiques 
Saisonnières en Afrique Soudano-Sahélien [PRESASS] and Prévisions Climatiques 
Saisonnières pour les pays du Golfe de Guinée [PRESAGG]) in spatial resolution 
(downscaling) as well as in skill. 
This work was done in collaboration with AGRHYMET.  
Keywords 
Downscaled forecast, West Africa, Sahel, Multi-Model Ensemble approach, ENACTS 
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AMJ  April-May-June period 
CCA  Canonical Correlation Analysis 
CPT  IRI Climate Prediction Tool 
CFS  Climate Forecast System 
ENACTS  Enhancing National Climate Services 
GCM  General Circulation Model 
GFDL  Geophysical Fluid Dynamics Laboratory 
IRI The International Research Institute for Climate and Society  
ITCZ Inter Tropical Convergence Zone 
JAS July-August-September period 
JJA June-July-August period 
MAM March-April-May period 
MJJ May-June-July period 
NMME  North American Multi Model Ensemble 
PCR  Principal Component Regression 




The high resolution observed rainfall data set coming from Enhancing National Climate 
Services (ENACTS) is used in this study. These data sets are a combination of ground truth 
observations and satellite estimation. From these data, we computed rainfall total and number 
of rainy days, which is the number of days totaling more than 1mm over the considered 
season given period. To explore actual use (i.e. making a seasonal forecast during the outlook 
forum where attendees are using computer with limited resources) we found a compromise 
between the high resolution needed by general users and practical constraints due to computer 
power. We used a resolution of 0.8 degree that is roughly 80 km. Figure 1 shows a skill map 




Figure 1: Comparison of spatial skill representation for 0.5, 0.8 and 1 Degrees grid 
resolution	
A focus is made here to the Multi-Model Ensemble approach (MME). In this approach, many 
models are used to increase the predictability, believing that all models are trying to capture 
one reality and each model can better represent one physical phenomenon than the other; thus 
by combining many of them, we got a better representation. The multi-model and multi-
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ensemble approach allows to reduce the noise due to chaotic nature of the climate system and 
error introduced by initialization. The MME approach is believed to increase the ratio signal 
to noise (Wang et al., 2012). 
In this particular study, we used the North American Multi Model Ensemble (NMME). 
The NMME is a seasonal prediction system that combines forecasts from the leading North 
American climate models (Kirtman, 2014). It constitutes a multi-agency and multi-
institutional research-to-operations (R2O) effort jointly led by the National Oceanic and 
Atmospheric Administration (NOAA) Climate Program Office (CPO) Modeling, Analysis, 
Predictions, and Projections (MAPP) program and the NOAA Climate Test Bed (CTB). The 
NMME’s increased ensemble size and its diversity of models contribute to superior seasonal 
forecast skill, on average, relative to other seasonal prediction systems. In addition, the 
NMME system enables more reliable estimates of prediction confidence, which is critical 
information for decision makers. The NMME predictions and hindcast provide a unique 
research platform for predictability and prediction research as well as an operational forecast. 
Table I gives the details of the sample of model used. 
	
Table 1: Summary of NMME Models characteristics used in this study 
Model Hindcast period forecast period members lead 
CMC1-CanCM3 1981-2010 2011-2018 10 12 
CMC2-CanCM4 1981-2010 2011-2018 10 12 
COLA-RSMAS-CCSM4 1982-2018 cont 10 12 
COLA-RSMAS-CCSM3  1982-2018 cont 6 12 
GFDL-CM2p1-aer04 1982-2018 cont 10 12 
GFDL-CM2p5-FLOR-A06 Mars1980-2018 cont 12 12 
GFDL-CM2p5-FLOR-B01 Mars1980-2018 cont 12 12 
NASA-GEOSS2S Feb1981-Jan2017 Nov17-Mar18 9/10 4/9 
NCEP-CFSv2 1982-2010 Mar11-Mar18 24/32 10/10 
We downloaded all data from the IRI Data Library1. For each targeted season, we look for 
skill from lead 0 (same time) to lead -1 (one month before) and lead 2 (2 months before). 
Parameters used from the models are rainfall, sea surface temperature, soil moisture and 850 





approach between model rainfall over the window (5N-20N and 20W-40E) and observed 
rainfall. For other predictors, we use a Principal Component Regression (PCR) approach for 
the predictor over the window 30S-30N and 180-90E for SST, and 0-30N and 20W-50E for 
soil moisture. The training period is fixed to be 1982-2016 (34 years) for March-April-May 
(MAM) and over 1982-2015 (33 years) for other seasons. We always use the ensemble mean, 
i.e. averaging through all available runs. We compare these skills to skill achieved by using 
observed sea surface temperature (SST) even though we know that in an in real-time forecast, 
we cannot use observed SST but it could be considered as an upper boundary of 
predictability. 
Skill assessment 
To assess the skill of each predictor, we used “tau statistics” and the correlation coefficient. 
The first is used to assess the potential of each overall predictor field and to compare skill 
between model and predictors, the second is used to assess each individual model skill (i.e. 
the relationship between predicted and observed variables). It also expresses the explained 
variance by the predictor variable. 
Results  
The following are the best skill achieved by the forecasting system described above for each 
season (3 months) from the March-April-May season to the July-August-September season. 
March-April-May (MAM) Season 
Figure 2 summarizes the performance of predicting MAM total rainfall and number of rainy 
days. The regions of Nigeria and Western Cameroon present higher skill greater than 0.6 and 
some regions nearing the Guinea countries. MAM SST offers the best skill and is quite 
similar to January SST. Amongst the NMME models, the GFDL-CM2p5-FLOR-B01 offers 







Figure 2: Correlation skill of MAM for number of rainy days (left) and rainfall total 
(right) during 1983-2016 using MAM observed SST (up), January observed SST (middle) 
and GFDL-CM2p5-FLOR-B01 rainfall with January boundary (bottom).	
Here, we can either used SST from January or model rainfall outputs from GFDL-CM2p5-









Figure 3: Correlation skill of AMJ number of rainy days (left) and rainfall total (right) 
during 1983-2015 : using AMJ observed SST (up), March (middle) and February starts of 
GFDL-CM2p5-FLOR-B01 rainfall (bottom).	
AMJ, which is a transition season where the Inter Tropical Convergence Zone (ITCZ) starts 
its migration toward the north, is less skillful than MAM. The region nearing the Gulf of 
Guinea still presents better skill, especially over Nigeria, Liberia and Sierra Leone. The 
number of rainy days and rainfall total presents similar skill. Soil moisture forecasted by the 
Canadian model CMC1-CanCM4 offer the best skill starting in March even though 
initialization from February has some skill. The model we propose here is CMC1-CanCM4 
soil moisture simulated from March. 
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Figure 4: Correlation skill of MJJ number of rainy days (left) and rainfall total (right) 
during 1983-2015 using MJJ observed SST (up), May (middle) and March (bottom) starts 
for CMC2-CanCM4 rainfall. 
Similar to AMJ, the MJJ transition season has predictive skill only over the Gulf of Guinea. 
Simultaneous correlation with SST has weaker skill than using March SST. Using rainfall 
General Circulation Model (GCM) through a Canonical Correlation Analysis (CCA) 
approach offers comparable skill as observed SST. Total rainfall using CMC1-CanCM4 
model starting from early March has some predictability and is the suggested model. 
  
 13 






Figure 5: Correlation skill of JJA number of rainy days (left) and rainfall total (right) 
during 1983-2015 using JJA observed SST (up), June (middle) and Apr (bottom) starts 
for GFDL-CM2p5-FLOR-B01 rainfall.	
There is a big increase of skill between the MJJ and JJA seasons. During JJA, the skill 
reaches 0.7 over some grid points. This JJA season is when the rainfall is fully installed over 
the Sahel, and it is important to forecast the rainfall over this period. The best model is using 
the Geophysical Fluid Dynamics Laboratory’s (GFDL) CM2p5-FLOR-B01 rainfall initialized 
from April. It offers a remarkable skill over regions, including Chad, Niger, Mali, Burkina 
Faso and Senegal.  
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Figure 6: Correlation skill of JAS number of rainy days (left) and rainfall total (right) 
during 1983-2015 using JAS observed SST (up), June (middle) start for GFDL-CM2p5-
FLOR-B01 rainfall and May (bottom) starts for CMC2-CanCM4 rainfall.	
During JAS, which is the bulk of the rainy season, many model outputs perform better than 
raw SST. Rainfall from GFDL’s CM2p5-FLOR-B01 offers great skill over a large area 
covering all the Sahel from Chad to Senegal with the initial condition of June. To increase 
lead-time, we can use the May initialization that still has some skill. 
Visit to AGRHYMET  
With AGRHYMET Regional Centre experts (see list of participants in Appendix), we also 
went through an exercise of forecasting MAM and AMJ 2018 seasons. The goal was to 
explore how to insert these results in the operational forecast of AGRHYMET.  
A series of working sessions were held to share the approach and get AGRHYMET’s inputs. 
At the last day of the session, an official meeting with experts working around seasonal 
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forecast was organized to share preliminary results through a training workshop. Three 
presentations were made: extracting the NMME data from the International Research Institute 
for Climate and Society (IRI) Data Library, calculation of the onset of the rainy season using 
ENACTS data and a practical Climate Predictability Tool (CPT) exercise. Figure 7 presents 
the probabilistic forecast over the Gulf of Guinea regions where the rainfall season has started 
as well as the skill achieved by the model through hindcast. All of these skillful approaches 
give the same forecast that is above normal (wet). This MME approach not only is tested and 





Figure 7: Probabilistic forecast of MAM season starting from January condition. 
The same exercise was repeated for the AMJ 2018 season. Where the model has skill 
(Nigeria, Sierra Leone and Liberia), the forecast is more consistent for wet. In the region with 







Figure 8: Probabilistic forecast of AMJ 2018 season starting from February. 
Conclusion   
The goal of this study is to demonstrate the best model for predicting rainfall total and 
number of rainy days over Western Africa including the Sahel. We used recent high-
resolution data produced by ENACTS that covers the whole region and offers high spatial 
resolution (80Km). The testing period covers 1982-2015 due to the limit of observed data 
and/or model. This 33-year period allowed us to find a skillful probabilistic model using CPT. 
In this exercise, we wanted to use the best model approach while having in mind practical 
usage so that experts in the region can use this approach directly.  
We have found that in all three-month seasons from March to September, it was possible to 
find a statistical approach allowing prediction of rainfall total or number of wet days. Table 2 
gives the summary of each model details. The period that is difficult to predict is the 
transition season (AMJ and MJJ) when the ITCZ migrates from the Gulf of Guinea to the 
Sahel. The best skill is achieved using GFDL’s CM2p5-FLOR-B01 model rainfall, although it 
requires further investigation. 
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It is also important to note that Climate Forecast System (CFS) data was not used in this study 
due to gaps in the data and the lack of time required to extract the model’s raw data set. Also, 
wind data was not fully used due to a problem in the archive even though we had high 
expectation for its skill (Ndiaye et al. 2009).  
Table 2: Suggested best statistical Model Output approach 
Season  Predictors  Domain  Lead-time 
MAM SST January  PCR (30N-30S/180-90E) 2 months 
AMJ Soil Moisture CM4 
March/February  
PCR (0-30N and 20W-50E) 1-2 months 
MJJ Rainfall CM4 March  CCA (5N-20N and 20W-40E) 2 months 
JJA Rainfall B01 April  CCA (5N-20N and 20W-40E) 2 months 
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Appendix: List of attendees for training  
Name Responsibility Institution 
Seydou Traoré  Agro-meteorologist  AGRHYMET 
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Lona Issaka Agro-meteorologist AGRHYMET 
Soumaïla Boureïma Meteorologist (Intern) Student 
Namodji Lucie (F) Agro-meteorologist AGRHYMET 
Mme Aboubakar Hadija (F) Computer science  AGRHYMET 
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